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1
LOW VOLTAGE WRITE SPEED BITCELL

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

The present Application for Patent claims priority to Pro-
visional Application No. 61/589,570 entitled “IMPROVED
LOW VOLTAGE WRITE SPEED BITCELL” filed Jan. 23,
2012, and assigned to the assignee hereof and hereby
expressly incorporated by reference herein.

FIELD OF DISCLOSURE

This disclosure relates to improving the performance of
memories, especially for low voltage applications. More par-
ticularly, the performance improvement of low voltage write
speed bitcells is disclosed, as well as the improvements in
eight transistor (8T) bitcells.

BACKGROUND

Manufacturers of electrical devices such as computers con-
tinue to strive to make these devices more efficient. One way
to make these devices more efficient is to lower the operating
voltage of the device. Hence, many of these devices utilize
low voltage processors. Many low voltage processors can
operate with a supply voltage of less than one volt. Such low
voltage operation allows a device such as a computer to save
significant power and run on battery power for extended
periods of time. Furthermore, with the advent of multi-core
processors, power conservation has become more important
for devices such as laptop computers.

New manufacturing technologies such as technologies that
can manufacture integrated circuit components that are
smaller than 65-nm have created many additional technologi-
cal challenges for designers of low voltage systems. One such
challenge is related to higher intrinsic device variations asso-
ciated with sub 65-nm manufacturing technology, such as
variations in device leakage (L.e) and threshold voltages (V).
Sensitivity of circuit parameters such as device switching at
such low voltages due to manufacturing defects is another
challenge for designers.

Generally, the minimum operating voltage (Vcc min) of a
processor is limited by a minimum voltage that is required by
memory systems in order to read from and write to memory
cells. It can be appreciated that the amount of high perfor-
mance data storage (i.e. memory cells) being incorporated
with processors is ever increasing. Low voltage sub 65-nm
processors that have low voltage, high performance memory
typically have a significant yield loss during the testing and
burn in procedure. These lower yields have made manufac-
turers of processors reconsider if lower voltages are economi-
cally feasible and what voltage levels are economically prac-
tical. Hence, there has been a trend to design and operate
current processors at higher voltages than previous proces-
sors in an effort to provide an improved cost/performance
trade off because of high performance memory problems. It
can be appreciated that manufacturers are investing in alter-
nate circuit topologies to the conventional memory structures
that can operate at lower voltages and can be manufactured
with higher yields.

While reducing the voltage potential of a power supply
powering internal IC devices can be beneficial to IC device
reliability and power consumption, at the circuit board or
system level, the IC still may be coupled to components
operating with higher power supply voltages. In that case, the
IC may operate with two or more power supplies. Each power
supply can provide a different voltage potential to the IC.
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Typically, one or more low voltage power supplies can be
provided to power CMOS devices that drive internal circuits
of the IC. One or more high voltage power supplies can be
provided to power CMOS devices that receive signals from
and/or send signals to, circuits external to the IC. For
example, an IC can be provided with a 1.3V power supply for
internal circuits and a 3.3V power supply for devices coupled
to circuits external to the IC.

Circuits powered by power supplies with differing voltage
potentials can output signals with different voltage ranges.
For example, one digital circuit powered by a 1.8V power
supply can output a signal that varies between 0-1.8V, while
another digital circuit powered by a 3.3V power supply may
output a signal that varies between 0-3.3V. The difference in
signal levels between the two digital circuits can create prob-
lems at any interface between the two digital circuits.

For example, consider an interface where a CMOS inverter
provides a maximum input voltage of 1.8V to a CMOS
inverter operating at 3.3V. The 1.8V input, typically cannot
disable a pull-up P-type field effect transistor (pFET) device
within the CMOS inverter as —1.5V of gate terminal to source
terminal voltage, i.e., 1.8V-3.3V, is being applied to the pFET
device. A voltage of 1.5V, however, is sufficient to enable the
pFET device. With 1.8V applied to the input of the 3.3V
CMOS inverter, both the pull-up pFET device and a pull-
down nFET device ofthe 3.3V CMOS inverter can be enabled
simultaneously. In that case, the 3.3V CMOS inverter has a
closed current path from the 3.3V power supply to ground
when receiving a static input high of 1.8V. As such, the 3.3V
CMOS inverter unnecessarily consumes power when in a
static state.

In low power central processing units (CPUs), one way to
reduce power is to reduce the supply voltage. In order to
operate at low voltages, most low voltage memory arrays use
an 8T cell, which provides read stability immunity.

However, as supply voltage is decreased, the decrease in
performance is not linear. It becomes exponential as the sup-
ply is reduced nearer the Vt of the highest-Vt devices, which
are typically found in memory arrays for leakage control
reasons. In an 8T cell, the write speed limits frequency at low
voltage and the various circuits and proposed embodiments
disclosed herein solves and addresses many of these issues.

SUMMARY

The disclosure relates to improving the use and application
of'low voltage memory arrays in low voltage applications.

One exemplary embodiment discloses an apparatus com-
prising: a bitcell comprising a first pFET having a source and
a drain; a second pFET having a source and a drain; a first
passgate transistor having a first terminal and a second termi-
nal connected to the drain of the first pFET; a second passgate
transistor having a first terminal and a second terminal con-
nected to the drain of the second pFET; a driver having an
output port connected to the first terminals of the first and
second passgate transistors; and a header pFET having a gate
connected to the output port of the driver, and having a drain
connected to the source of the first pFET and to the source of
the second pFET, wherein the header pFET is configured to
turn ON when the passgate transistors are OFF, and turn OFF,
when the passgate transistors are ON. The apparatus further
comprises a first common node and a second common node,
wherein the first common node comprises a true bitline and
the second common node comprises a complementary bit-
line, wherein the first common node is operatively configured
to connect to the second terminal of the first passgate transis-
tor and the second common node is configured to connect to
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the second terminal of the second passgate transistor wherein
the first common node and the second common node are
driven to complementary logic voltages when performing a
write operation on the bitcell, and wherein when the driver
output is logic value HIGH, the header pFET turns OFF and
causes the first pFET and second pFET to turn OFF. The
apparatus further comprises a third pFET comprising a gate,
wherein the gate is held LOW, the third pFET configured to be
connected in parallel to the header pFET, wherein the header
pFET is configured to turn ON when the passgate transistors
are OFF, and turn OFF when the passgate transistors are ON,
the apparatus further comprises a first common node and a
second common node, wherein the first common node com-
prises a true bitline and the second common node comprises
a complementary bitline, wherein the first common node is
operatively configured to connect to the second terminal of
first passgate transistor and the second common node is
operatively configured to connect to the second terminal of
the second passgate transistor and wherein the first common
node and the second common node are driven to complemen-
tary logic voltages when performing a write operation on the
bitcell.

Yet another exemplary embodiment discloses an apparatus
comprising: a bitcell comprising a first pFET having a source
and a drain; a second pFET having a source and a drain; a first
passgate transistor having a first terminal and a second termi-
nal connected to the drain of the first pFET; a second passgate
transistor having a first terminal and a second terminal con-
nected to the drain of the second pFET; a driver having an
input port, and having an output port connected to the first
terminals of the first and second passgate transistors; a header
pFET having a gate connected to the input port of the driver,
and having a drain connected to the source of the first pFET
and to the source of the second pFET, wherein the header
pFET is configured to turn ON when the passgate transistors
are OFF, and turn OFF when the passgate transistors are ON.
The apparatus further comprises a first common node and a
second common node, wherein the first common node com-
prises a true bitline and the second common node comprises
a complementary bitline, wherein the first common node is
operatively configured to connect to the first terminal of the
first passgate transistor and the second common node is con-
figured to connect to the first terminal of the second passgate
transistor wherein the first common node and second com-
mon node are driven to complementary logic voltages when
performing a write operation on the bitcell.

In yet another exemplary embodiment, an apparatus is
disclosed, comprising a bitcell comprising a first nFET hav-
ing a source and a drain; a second nFET having a source and
a drain; a first passgate transistor having a first terminal and a
second terminal connected to the drain of the first nFET; a
second passgate transistor having a first terminal and a second
terminal connected to the drain of the second nFET; a driver
having an output port connected to the first terminals of the
first and second passgate transistors; and a footer nFET hav-
ing a gate coupled to an input port of the driver and configured
to receive a voltage complementary to the voltage of the
output port of the driver, and having a drain connected to the
source of the first nFET and the source of the second nFET.
The apparatus further comprises a first pFET having a source
and a drain, wherein the drain is connected to the terminal of
the first passgate transistor; and a second pFET having a
source and a drain, wherein the drain is connected to the
terminal of the second passgate transistor. The apparatus fur-
ther comprises a header pFET having a gate connected to the
output port of the driver and further having a drain connected
to the source of the first pFET and to the source of the second
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pFET, wherein the header pFET is configured to turn ON
when the passgate transistors are turned OFF, and turn OFF
when the passgate transistors are turned ON and wherein the
footer nFET is configured to turn ON when the passgate
transistors are turned OFF, and turn OFF when the passgate
transistors are turned ON. The apparatus further comprises a
third pFET comprising a gate, wherein the gate is held LOW,
the third pFET configured to be connected in parallel to the
header pFET and a third nFET comprising a gate, wherein the
gate is connected to a supply rail, the third nFET configured
to be connected in parallel to the footer nFET. The apparatus
further comprises a first common node and a second common
node, wherein the first common node comprises a true bitline
and the second common node comprises a complementary
bitline, wherein the first common node is operatively config-
ured to connect to the second terminal of first passgate tran-
sistor and the second common node is operatively configured
to connect to the second terminal of the second passgate
transistor, wherein the first common node and the second
common node are driven to complementary logic voltages
when performing a store operation on the bitcell and wherein
when the driver output is logic value HIGH, the header pFET
turns OFF, further causing the first pFET and second nFET to
turn OFF.

Yet another exemplary embodiment discloses a method
comprising providing a signal to a first and a second pass
transistors to write to a bitcell, the bitcell comprising a first
pFET having a source and a drain, and a second pFET having
a source and a drain; and providing a second signal to a gate
ofaheader pFET, wherein the header pFET comprises a drain
connected to the sources of first and second pFETs, wherein
providing second signal to the gate of the header pFET further
includes turning OFF the first and second pFETs during a
writing operation, wherein the second signal lags the first
signal.

Yet another exemplary embodiment discloses a method
comprising providing a signal to a first and a second pass
transistors to write to a bitcell, the bitcell comprising a first
nFET having a source and a drain, and a second nFET having
a source and a drain; and providing a second signal to a gate
of'a footer nFET, wherein the footer nFET comprises a drain
connected to the sources of first and second nFETs, wherein
providing second signal to the gate of the footer nFET further
includes turning OFF the first and second nFETs during a
writing operation.

Yet another exemplary embodiment discloses an apparatus
comprising: means for providing a signal to a first and a
second pass transistors to write to a bitcell, the bitcell com-
prising a first nFET having a source and a drain, and a second
nFET having a source and a drain; and means for providing a
second signal to a gate of a footer nFET, wherein the footer
nFET comprises a drain connected to the sources of first and
second nFETs, wherein providing second signal to the gate of
the footer nFET further comprises means for turning OFF the
first and second nFETs during a writing operation.

Yet another exemplary embodiment discloses an apparatus
comprising means for providing a signal to a first and a
second pass transistors to write to a bitcell, the bitcell com-
prising a first nFET having a source and a drain, and a second
nFET having a source and a drain; and means for providing a
second signal to a gate of a footer nFET, wherein the footer
nFET comprises a drain connected to the sources of first and
second nFETs, wherein providing second signal to the gate of
the footer nFET further includes means for turning OFF the
first and second nFETs during a writing operation.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the
description of embodiments of the invention and are provided
solely for illustration of the embodiments and not limitation
thereof.

FIG. 1 illustrates exemplary user equipment (UE) in accor-
dance with at least one embodiment of the invention.

FIG. 2 illustrates an exemplary processor in accordance
with at least one embodiment of the invention.

FIG. 3 illustrates a conventional eight transistor (8T) bitcell
with write wordline (WWL) and read wordline (RWL) driv-
ers.

FIG. 4 illustrates an exemplary embodiment of a proposed
nine transistor (9T) bitcell with write wordline (WWL) and
read wordline (RWL) drivers in accordance with at least one
embodiment of the invention.

FIG. 5 illustrates an exemplary embodiment of a nine tran-
sistor (9T) bitcell with early write wordline (WWL_E) for
positive channel field effect transistors (pFET) headers in
accordance with at least one embodiment of the invention.

FIG. 6a illustrates a conventional bitcell write at low volt-
age and high-speed with a short WL pulsewidth.

FIG. 65 illustrates an exemplary embodiment of a bitcell
write at low voltage and high-speed with a short WL pulse-
width.

FIG. 7a illustrates an exemplary embodiment of a pFET
header that is shared between adjacent cells to save area in
accordance with at least one embodiment of the invention

FIG. 754 illustrates an exemplary embodiment of a pFET
header that is shared across an entire row.

FIG. 8 illustrates an exemplary embodiment of a weakened
pFET header that is connected to a secondary pFET device.

FIG. 9 illustrates an exemplary embodiment of an alterna-
tive approach to writing data including a footer nFET device
to drive the circuit.

FIG. 10 illustrates an exemplary embodiment of a pFET
header and nFET footer combination, the combination may
also include a secondary pFET and the layout may be that is
shared across an entire row.

FIG. 11 illustrates an exemplary embodiment of a method
for improved low voltage write speed to a bitcell witha pFET
header design.

FIG. 12 illustrates an exemplary embodiment of a method
for improved low voltage write speed to a bitcell with an
nFET footer design.

DETAILED DESCRIPTION

Aspects of the invention are disclosed in the following
description and related drawings directed to specific embodi-
ments of the invention. Alternate embodiments may be
devised without departing from the scope of the invention.
Additionally, well-known elements of the invention will not
be described in detail or will be omitted so as not to obscure
the relevant details of the invention.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.
Likewise, the term “embodiments of the invention” does not
require that all embodiments of the invention include the
discussed feature, advantage or mode of operation.

In the description herein, the term “write” is used synony-
mously with “store” operations as is known in the art. Like-
wise, the term “read” is used synonymously with “load.”
Further, in the description, references may be made to read/
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6

write operations pertaining to “cache blocks,” which may
refer to a granularity less than that of an entire cache line.
However, it will be understood that such references are
merely for illustrative purposes and shall not be construed as
limiting the scope of the embodiments. For example, dis-
closed techniques may be easily extended to operations on
any other granularity as applicable, such as a cache word,
cache line, etc. Further, it will also be understood that the
referenced cache block may comprise data or instructions,
even though the description may be provided in terms of
write/read operations of data alone. Additionally, references
to lower levels of memory hierarchy may include backing
storage elements beyond local or first level (I.1) caches which
may be associated with processors or processing elements.
For example, references to lower levels of memory hierarchy
herein may refer to second level (L.2) caches, main memory,
and one or more levels of memory structures which may be
present between L2 caches and main memory.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of embodiments of the invention. As used herein, the
singular forms “a,” “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises,” “comprising,” “includes,” and/or “including,” when
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Further, many embodiments are described in terms of
sequences of actions to be performed by, for example, ele-
ments of a computing device. It will be recognized that vari-
ous actions described herein can be performed by specific
circuits (e.g., application specific integrated circuits
(ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequence of actions described herein can be considered
to be embodied entirely within any form of computer readable
storage medium having stored therein a corresponding set of
computer instructions that upon execution would cause an
associated processor to perform the functionality described
herein. Thus, the various aspects of the invention may be
embodied in a number of different forms, all of which have
been contemplated to be within the scope of the claimed
subject matter. In addition, for each of the embodiments
described herein, the corresponding form of any such
embodiments may be described herein as, for example, “logic
configured to” perform the described action.

It will be appreciated that configured logic or “logic con-
figured to” are not limited to specific logic gates or elements,
but generally refer to the ability to perform the functionality
described herein (either via hardware or a combination of
hardware and software). Thus, the configured logics or “logic
configured to” are not necessarily implemented as logic gates
or logic elements despite sharing the word “logic.” Other
interactions or cooperation between the logic in the various
blocks will become clear to one of ordinary skill in the art
from a review of the embodiments described below in more
detail.

Referring to FIG. 1, a system 100 that includes a UE 200,
(here a wireless device), such as a cellular telephone, which
has a platform 202 that can receive and execute software
applications, data and/or commands transmitted from a radio
access network (RAN) that may ultimately come from core
network 126, the Internet and/or other remote servers and
networks. Platform 202 can include transceiver 206 operably
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coupled to an application specific integrated circuit (“ASIC”
208), or other processor, microprocessor, logic circuit, or
other data processing device. ASIC 208 or other processor
executes the application programming interface (“API”) 210
layer that interfaces with any resident programs in memory
212 of the wireless device. Memory 212 can be comprised of
read-only or random-access memory (RAM and ROM),
EEPROM, flash cards, or any memory common to computer
platforms. Platform 202 also can include local database 214
that can hold applications not actively used in memory 212.
Local database 214 is typically a flash memory cell, but can be
any secondary storage device as known in the art, such as
magnetic media, EEPROM, optical media, tape, soft or hard
disk, or the like. Internal platform 202 components can also
be operably coupled to external devices such as antenna 222,
display 224, push-to-talk button 228 and keypad 226 among
other components, as is known in the art.

Accordingly, an embodiment of the disclosure can include
a UE including the ability to perform the functions described
herein. As will be appreciated by those skilled in the art, the
various logic elements can be embodied in discrete elements,
software modules executed on a processor or any combina-
tion of software and hardware to achieve the functionality
disclosed herein. For example, ASIC 208, memory 212, API
210 and local database 214 may all be used cooperatively to
load, store and execute the various functions disclosed herein
and thus the logic to perform these functions may be distrib-
uted over various elements. Alternatively, the functionality
could be incorporated into one discrete component. There-
fore, the features of UE 200 in FIG. 1 are to be considered
merely illustrative and the invention is not limited to the
illustrated features or arrangement.

The wireless communication between UE 200 and the
RAN can be based on different technologies, such as code
division multiple access (CDMA), W-CDMA, time division
multiple access (TDMA), frequency division multiple access
(FDMA), Orthogonal Frequency Division Multiplexing
(OFDM), Global System for Mobile Communications
(GSM), 3GPP Long Term Evolution (LTE) or other protocols
that may be used in a wireless communications network or a
data communications network. Accordingly, the illustrations
provided herein are not intended to limit the embodiments of
the invention and are merely to aid in the description of
aspects of embodiments of the invention.

FIG. 2 depicts a functional block diagram 200 of an exem-
plary processor 10, such as an ASIC 208 configured to incor-
porate features of the improved low voltage write speed to
bitcell. Processor 10 executes instructions in an instruction
execution pipeline 12 according to control logic 14. Control
logic 14 maintains a Program Counter (PC) 15, and sets and
clears bits in one or more status registers 16 to indicate, e.g.,
the current instruction set operating mode, information
regarding the results of arithmetic operations and logical
comparisons (zero, carry, equal, not equal), and the like. In
some embodiments, pipeline 12 may be a superscalar design,
with multiple, parallel pipelines. Pipeline 12 may also be
referred to as an execution unit. A General Purpose Register
(GPR) file 20 provides a list of general purpose registers 24
accessible by pipeline 12, and comprising the top of the
memory hierarchy.

Processor 10, which executes instructions from at least two
instruction sets in different instruction set operating modes,
additionally includes a debug circuit 18, operative to com-
pare, upon the execution of each instruction, at least a prede-
termined target instruction set operating mode to the current

10

15

20

25

30

35

40

45

50

55

60

65

8

instruction set operating mode, and to provide an indication
of'a match between the two. Debug circuit 18 is described in
greater detail below.

Pipeline 12 fetches instructions from an instruction cache
(I-cache) 26, with memory address translation and permis-
sions managed by an Instruction-side Translation Lookaside
Buffer (ITLB) 28. Data is accessed from a data cache
(D-cache) 30, with memory address translation and permis-
sions managed by a main Translation Lookaside Buffer
(TLB) 32. In various embodiments, ITLB 28 may comprise a
copy of part of TLB 32. Alternatively, ITLB 28 and TLB 32
may be integrated. Similarly, in various embodiments of pro-
cessor 10, I-cache 26 and D-cache 30 may be integrated, or
unified. Further, I-cache 26 and D-cache 30 may be L1
caches. Misses in I-cache 26 and/or D-cache 30 cause an
access to main (off-chip) memory 38, 40 by a memory inter-
face 34. Memory interface 34 may be a master input to a bus
interconnect 42 implementing a shared bus to one or more
memory devices 38, 40 that may incorporate the improved
low voltage write speed in accordance with one exemplary
embodiment of the disclosure. Additional master devices (not
shown) may additionally connect to bus interconnect 42.

Processor 10 may include input/output (1/0) interface 44,
which may be a master device on a peripheral bus, across
which [/O interface 44 may access various peripheral devices
48, 50 via bus 46. Those of skill in the art will recognize that
numerous variations of processor 10 are possible. For
example, processor 10 may include a second-level (L.2) cache
for either or both I and D caches 26, 30. In addition, one or
more of the functional blocks depicted in processor 10 may be
omitted from a particular embodiment. Other functional
blocks that may reside in processor 10, such as a JTAG con-
troller, instruction pre-decoder, branch target address cache,
and the like are not germane to a description of the present
invention, and are omitted for clarity.

Those of'skill in the art will appreciate that information and
signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions,
commands, information, signals, bits, symbols, and chips that
may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or any
combination thereof.

FIG. 3 depicts a conventional 8T bitcell transistor circuit
300 with write wordline (WWL) drivers 310 and read word-
line (RWL) drivers 320. An eight transistor (87T) bitcell is a
single-read and single-write port bitcell based on the six
transistor (6T) bitcell that decouples write port 315 and read
port 325 in order to eliminate read stability issues. This
scheme enables the optimization of the 6T portion to perform
writability and increase write speed in write port 315 and
allows optimization of the read speed using the two transis-
tors (2T) read port 325. Bitcells on a row share the same
WWL and RWL and bitcells on the same column share read
bitlines (RBL), true bitline 312 and complimentary bitline
314. True bitline 312 is selectively coupled to a common true
node through an n-type pass device (nFET) and a p-type pass
device (pFET) in series, and complementary bitline 314 is
selectively coupled to a common complementary node
through an nFET and a pFET in series therewith. The com-
mon true node is denoted as T and common complimentary
node is denoted as C.

In low power CPUs, one of the common ways to reduce
power is to reduce supply voltage (VDD). As VDD is scaled
down, the pFETs’ strength is degraded more heavily than
nFETs’ strength because p-type devices have higher thresh-
old voltage (Vt) due to hole versus electron mobility resulting
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in drain current (Id) being non-linear as supply voltage
approaches Vt. The supply voltage may be connected to a
supply rail (not shown). Furthermore, as supply voltage is
decreased, the decrease in performance is not linear, and it
becomes exponential as the supply is reduced nearer to Vt of
the highest-Vt devices which are typically found in memory
arrays for leakage control reasons.

In the bitcell, these operating characteristics have ramifi-
cations for both data retention and write speed. As VDD
approaches Vt, the hold-Signal Noise Margin (SNM), which
is the data retention figure of merit for Static Random Access
Memory (SRAM), is degraded because the voltage scale-
down causes the leakage current of the nFET to become
comparable to the saturation current of the pFET. This deg-
radation also adversely impacts the write speed because at
low voltage, the pFETs have to pull up the input to HIGH as
the nFETs only get a very weak HIGH. Since the ratio of
nFETs/pFETs is usually 2-3x%, the pFETs tend to be very weak
and this speed will dictate the minimum write time at low
voltage (the minimum time WWL 310 needs to be HIGH in
order to write the cell).

The most straightforward way to improve the data reten-
tion and write speed with regard to weak pFETs at low voltage
is to upsize or use a lower Vt device. However, this is not an
optimal solution, since it will make the cell’s writability
degrade at all voltages (more contention from the pFET
means the nFET will have a harder time flipping the node) and
this leads to increased leakage.

FIG. 4 illustrates an exemplary circuit 400 of a proposed
nine transistor (97T) bitcell with write wordline (WWL) 410
and read wordline (RWL) driver 420 in accordance with an
embodiment of the invention. Circuit 400 includes a pFET
header 430 to each bitcell, allowing for very fast write speed
and good data retention while not compromising write noise
margin. This solution decouples the nFET-pFET contention
issue with the retention/pFET-speed issue. The contention
between nFETs and pFETs occurs during signal propagation.
This means that when there’s a transition delay between an
input and an output wherein the input transitions to HIGH,
there is contention between the outputting pFET (for example
pFET 432) and the receiving nFET (for example nFET 436).
During this transition phase, a shoot-through current goes
from VDD through pFET and nFET, resulting in substantial
power loss. The decoupling thus means that 2-3x NP ratios
are no longer needed and therefore either nFETS can be sized
down or pFETS sized up. Since the pFET leakage path is now
through a series of transistors, the use of low Vtis also a viable
application.

This approach eliminates the nFET-pFET contention that
happens during write operations because during write opera-
tions of the cell, header pFET 430 is effectively turned OFF,
causing pFETS 432 and 434 to be turned OFF as well. After
write operations take place, header pFET 430 and pFETS 432
and 434 turn ON and their strength can be strong enough to
mitigate retention issues and increase the transition speed by
which the side of the cell is being written to 1. The side in this
instance is the WBL side, wherein the opposite side is
N_WBL side. For example, in this case, WBL writes to node
T while N_WBL writes to node C.

The addition of a pFET 430 as a bitcell header controlled
by WWL 410 illustrates that when WWL 410 rises, the
pFETS 432 and 434 are disconnected from the supply volt-
age, causing the nFET passgate transistors 440 and 442 to
open. As a result there is very little contention which leads to
having internal nodes T or C to pull down very fast. When
WWL 410 goes to LOW, header pFET 430 and pFETs 432
and 434 are turned ON and the appropriate side is snapped up
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to VDD. For example, the appropriate side would be the side
which was connected to VDD via the nFET passgate transis-
tors 440 and 442. Therefore, if WBL is HIGH and N-WBL is
LOW, the write node T is pulled up to VDD. Additionally,
when WWL 410 is HIGH, header pFET 430 is turned OFF,
which allows for the decoupling between pFET 432 and
nFET 436, leading to reduced contention as discussed above,
wherein, for example, nFET 436 is no longer contending with
pFET 432 to hold pFET 432 to a value HIGH for longer
periods of time.

Circuit 400 also includes a bitcell 450 that includes a first
pFET 432 having a source and a drain, a second pFET 434
having a source and a drain, a first passgate transistor 440
having a first terminal and a second terminal connected to the
drain of the first pFET 432, a second passgate transistor 438
having a first terminal and a second terminal connected to the
drain of the second pFET 434. Circuit 400 further includes a
driver having an output port (WWL 410) connected to the first
terminals of the first and second passgate transistors 440 and
442 and a header pFET 430 having a gate connected to the
output port (WWL 410) of the driver, and having a drain
connected to the source of the first pFET 432 and to the source
of the second pFET 434. Header pFET 430 is configured to
turn ON when the passgate transistors 440 and 442 are OFF,
and turn OFF, when the passgate transistors 440 and 442 are
ON. Circuit 400 further includes a first common node (T) and
a second common node (C), wherein node T comprises a true
bitline and node C comprises a complementary bitline and
wherein node T is operatively configured to connect to the
second terminal of the first passgate transistor 440 and node C
is configured to connect to the second terminal of the second
passgate transistor 442. Additionally, node T and node C may
be configured to be driven to complementary logic voltages
when performing a write operation on the bitcell. When the
driver output port (WWL 410) is logic value HIGH, the
header pFET 430 turns OFF and causes the first pFET 432,
and second pFET 434 to turn OFF. Circuit 400 further com-
prises a pFET as an alternative embodiment and will be dis-
cussed in FIG. 8 below.

FIG. 5 illustrates an exemplary embodiment of circuit 500
including a nine transistor (97T) bitcell with early write word-
line (WWL_E) for positive channel field effect transistor
(pFET) headers in accordance with at least one embodiment
of the invention. Circuit 500 includes a separate wordline
(WWL_E) 510 which is used to provide an early signal to
drive pFET header 520. This approach allows for the circuit to
have greater noise immunity. The write wordline is delayed to
the nFET passgate transistors 530 and as a result, once nFET
passgate transistors 530 turn ON, pFET header 520 is com-
pletely OFF (from WWL_E 510 rising) and therefore there is
no contention (leading to increased writability). When WWL
540 goes back to LOW, pFET header 520 first turns ON,
which transitions node T to be driven to a HIGH very quickly,
before nFET passgate transistor 530 is turned OFF. The quick
transition of node T is due to the fact that there is no conten-
tion at this point which would be like a normal slew rate in the
rest of the logic. When there’s contention, for example, and
especially at low voltages, the transition rate becomes very
slow. This may be further illustrated in FIG. 6 below. The fast
transition capability of this embodiment means that this
design may be more noise immune than the first embodiment
discussed above. However, this requires enough metal
resources for a second write-wordline.

To allow very fast write speed and good data retention
without compromising write noise margins, a pFET header
520 to each bitcell may be incorporated as illustrated above.
Alternatively, an nFET footer circuit may also be incorpo-
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rated as a viable alternative to achieve the same objectives, or
even a more robust combination of a pFET header and nFET
footer together in one circuit as will be discussed further
below. Each of these solutions decouples the nFET-pFET
contention issue with the retention/pFET-speed issue such
that 2-3x NP ratios are no longer needed and therefore either
nFETS can be sized down or pFETS sized up. Since the pFET
leakage path is now through a series of transistors, using low
Vtis also viable.

To ensure that noise issues in the circuit do not affect the
writing of the bitcell and that the correct wordline is written,
WWL 540 may be delayed to the nFET passgate transistors
530 and such that once the nFET passgate transistors 530 turn
on, the pFET header 520 is completely OFF as a result of the
rise of WWL_E 510. This feature further eliminates the con-
tention (which results in increased writability). When WWL
540 goes back high the pFET header first turns ON, resulting
in quickly charging up node T to a HIGH before the nFET
passgate transistors 530 are turned OFF, which further
improves the circuit noise immunity. With regards to immu-
nity, it can be seen from the first embodiment illustrated in
FIG. 4, that when WWL 410 is transitioning to a LOW, there
is a brief time wherein neither the passgate transistor 440 nor
the pFET header are fully ON. Such a scenario illustrates that
the internal nodes (T and C) do not have a real path to power,
and therefore, if a noise event happens, thereby coupling
noise to an internal net happens, it could flip the node in
theory. To further guard against such possible vulnerabilities,
the embodiment illustrated in FIG. 5, which embodies having
pFET header 520 control earlier than WWL 540 being HIGH
ensures that there is a good path to VDD to reject noise events.
Passgate transistors 530 may be nFETs, pFETs or a combi-
nation thereof, such that when the passgate transistors 530 are
ON, the header pFET is OFF.

FIGS. 6a and 65 illustrate the advantages of the proposed
solution to reduce contention by giving examples of low
voltage operation of the conventional 8T cell versus the
operations of the proposed 97T cell. The nodes T and C are the
internal nodes of the bitcell that must flip for the cell to be
written. This means that where one node is HIGH, the other
node must go to LOW, and vice versa. When the frequency is
increased, the wordline pulse width shrinks, causing the con-
ventional bitcell to write very slowly. For example, in FIG.
6a, wordline pulse 630 triggers the flipping of the internal
nodes, which causes the value of node T 610 to fall and the
value of node C 620 to rise. The value of node T 610 takes a
long time to fall back down to zero and thus the new design
may be utilized to remedy this problem as demonstrated in
FIG. 6b. As can be seen, the slow rise of node C 620 indicates
a slow write operation.

Conversely in FIG. 64, line 6105 illustrates that the new
bitcell has little problem with the pull down operation
because the bitcell decouples the write of each side of the
bitcell into opposite phases of the WWL. The term bitcell
could indicate a bitcell that includes a header pFET, such as
header pFET 520, or can also include only the pFET-nFET
inverter circuit along with the passgates in designs that utilize
a single pFET header that is shared across multiple cells up to
the entire row, for example, as illustrated in FIG. 7a and FIG.
7b. This is achieved because each bitcell on a row could have
the same control signal, so the pFET header could be shared
across the row as opposed to having a single pFET header for
each bitcell.

Lookingat node C 6205, it can be seen that the fastrise time
ofnode C 6205 illustrates a fast write operation. For example,
a conventional bitcell write (shown in FIG. 6a) at low voltage
and high speed results in a slow transition at node C 620 as a
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result of a drop in the wordline pulse 630. However, looking
at the same drop in the wordline pulse 6305, the response at
node C 6205 can be illustrated as a much faster transition
time. A faster transition time can also be illustrated by looking
at node T 6105 wherein the voltage is dropped to zero at a
faster rate than before at node T 620 wherein the voltage does
not remain at zero. Therefore, this proposed bitcell provides a
solution to improved write speed in low-voltage applications.

In another embodiment, and as discussed above, FIGS. 7a
and 76 illustrate embodiment wherein the pFET header can
be shared between adjacent bits (FIG. 7a) or all bits on the
same row, (FIG. 75). The sharing concept of the pFET header
helps to minimize the extra area penalty when compared to
one pFET header per bitcell. For example, FIG. 7a illustrates
how apFET header 710 may be shared between adjacent cells
720 and 730 to save area. In another example, FIG. 75 illus-
trates a pFET header 710 shared across an entire row 740.
This type of integration helps eliminate the need for a separate
early write wordline and reduction in circuit complexities.

In yet another exemplary embodiment, FIG. 8 illustrates a
circuit 800 that utilizes a header pFET 810 in combination
with a pFET 820 that may be configured to connect to header
pFET 810 in parallel. Such a design may be used instead of an
ON/OFF pFET header as previously discussed and create a
weakened path to ground. Wherein the other embodiments
aim to completely break the path to VDD by using ON/OFF
pFET headers 430 and 520 for example, circuit 800 uses a
schematic to weaken header pFET 810 or alternatively
weaken the path to ground by including pFET 820. In order to
establish the weakened path, pFET 820 may be configured to
be always ON, or it may further comprise a gate that is
configured to be held at LOW. Having pFET 820 connect to
header pFET in parallel allows header pFET 810 to turn ON
when the passgate transistors 830 and 832 are OFF, and turn
OFF when the passgate transistors 830 and 832 are ON.
Circuit 800 may include a first common node T and a second
common node C, wherein T includes a true bitline and C
includes a complementary bitline. T is operatively configured
to connect to the second terminal of first passgate transistor
830 and C is operatively configured to connect to the second
terminal of the second passgate transistor 832 wherein T and
C are driven to complementary logic voltages when perform-
ing a write operation on the bitcell.

Circuit 800 may be arranged in several ways. For example,
pFET 820 utilized for a whole row of bitcells (not shown) or
for each individual bitcell, such as bitcell 850. Utility of pFET
820 for an entire row or a bitcell may be incorporated in
similar fashion as discussed above, for example in a similar
way to how pFET headers 430 and 520 can be utilized for any
number of bitcells in the same row. Weakening the path to
ground may further refer to the inversion qualities of the
MOSFET device, in this case header pFET 810. The ON/OFF
controllability of the pFET header in the previous examples
allowed for the pFET header to operate in the moderate or
even strong inversion region of operation for the pFET
header. As such, when pFET 820 is used in parallel with
header pFET 810, this causes the value at the drain of pFET
820 to be HIGH and causes a weakening of the path of header
pFET 810 to discharge to ground.

In yet another exemplary embodiment, FIG. 9 illustrates a
circuit 900 with an alternative approach to writing data
including a footer nFET device to drive the circuit. Circuit
900 shows nFET looter 910 operatively connected to VDD at
its source, to pFET passgate transistors 920 and 922 at its
gate, and the nFETs 930 and 932 at its drain. Unlike the other
embodiments, the WWL in this case is an active LOW. This
means that in order for write operations to take place, WWL
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will need to be LOW such that when WWL is LOW, the signal
passes through pFET passgate transistors 920 and 922, acti-
vating pFET passgate transistors 920 and 922 and further
turning on nFET footer 910. Turning on nFET footer 910
subsequently turns on nFETs 930 and 932 and turns OFF
pFETs 940 and 942 leading to very little nFET-pFET conten-
tion and having internal nodes T and C pull up very fast. This
is similar in result as having the internal nodes T and C pull
down very fast due to lack of contention caused by the pFET
header used in FIGS. 4-7. Additionally, nFET footer 910 may
be configured to receive a voltage complementary to the
voltage of the output port of the driver (WWL), and may
further have a drain connected to the source of the nFETs 930
and 932. Circuit 900 further comprises pFETs 940 and 942
each having a source and a drain, wherein the drain is con-
nected to a terminal of the first and second passgate transistors
920 and 922.

It is further possible to combine several of the earlier
embodiments together. For example, FIG. 10 illustrates such
embodiment wherein circuit 1000 thus may further include
header pFET 1010 added to the DIET footer design of circuit
900, wherein header pFET 1010 may have a gate connected to
the output port of the driver and further may have a drain
connected to the source of first pFET 1040 and to the source
of'second pFET 1042, wherein header pFET 1010 is config-
ured to turn ON when the passgate transistors 1060 and 1062
are turned OFF, and turn OFF when the passgate transistors
1060 and 1062 are turned ON. Furthermore, footer nFET
1020 may be configured to have a drain connected to the
source of first nFET 1030 and second pFET 1032, and may
also be configured to turn ON when the passgate transistors
are turned OFF, and turn OFF when the passgate transistors
are turned ON. Furthermore, circuit 1000 may further include
yet another earlier discussed embodiment wherein the path to
ground may be further weakened by incorporating pFET
1050, which further includes a gate, wherein the gate is held
LOW (causing pFET 1050 to be ON) and is configured to be
connected in parallel to the header pFET.

Circuit 1000 may further include yet another pFET 1022
which including a gate, wherein the gate is connected to a
supply rail and is configured to be connected in parallel to
footer nFET 1020. Circuit 1000 may further include a first
common node (T) and a second common node (C), wherein
node T includes a true bitline and node C includes a comple-
mentary bitline, wherein node T is configured to connect, to
the second terminal of first passgate transistor 1060 and node
C is configured to connect to the second terminal of the
second passgate transistor 1062. Nodes T and C may be
driven to complementary logic voltages when performing a
store operation on the bitcell. When driver output is logic
value HIGH, the header pFET turns OFF, further causing the
first pFET and second pFET to turn OFF.

FIG. 11 illustrates one exemplary embodiment of a method
for improved low voltage write speed to a bitcell witha pFET
header design. Method 1100 includes providing, 1110, a sig-
nal to a first and a second pass transistors to write to a bitcell,
the bitcell includes a first pFET having a source and a drain,
and a second pFET having a source and a drain; and provid-
ing, 1120, a second signal to a gate of a header pFET, wherein
the header pFET includes a drain connected to the sources of
first and second pFETSs, wherein providing second signal to
the gate of the header pFET further includes turning OFF,
1130, the first and second pFETs during a writing operation,
wherein the second signal lags the first signal.

FIG. 12 illustrates yet another exemplary embodiment of a
method for improved low voltage write speed to a bitcell with
an nFET footer design. Method 1200 includes providing,
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1210, a signal to a first and a second pass transistors to write
to a bitcell, the bitcell includes a first nFET having a source
and a drain, and a second nFET having a source and a drain;
and providing, 1220, a second signal to a gate of a footer
nFET, wherein the footer nFET includes a drain connected to
the sources of first and second nFETs, wherein providing
second signal to the gate of the footer nFET further includes
turning OFF, 1230, the first and second nFETs during a writ-
ing operation.

Further, those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The methods, sequences and/or algorithms described in
connection with the embodiments disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module may reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, regis-
ters, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary
storage medium is coupled to the processor such that the
processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium
may be integral to the processor.

Accordingly, an embodiment of the invention can include a
computer readable media embodying a method for preventing
displacement of high temporal locality fill buffers. Accord-
ingly, the invention is not limited to illustrated examples and
any means for performing the functionality described herein
are included in embodiments of the invention.

While the foregoing disclosure shows illustrative embodi-
ments of the invention, it should be noted that various changes
and modifications could be made herein without departing
from the scope of the invention as defined by the appended
claims. The functions, steps and/or actions of the method
claims in accordance with the embodiments of the invention
described herein need not be performed in any particular
order. Furthermore, although elements of the invention may
be described or claimed in the singular, the plural is contem-
plated unless limitation to the singular is explicitly stated.

What is claimed is:
1. An apparatus comprising:
a bitcell comprising

a first pFET having a source and a drain;

a second pFET having a source and a drain;

a first passgate transistor having a first terminal and a
second terminal connected to the drain of the first
pFET;

a second passgate transistor having a first terminal and a
second terminal connected to the drain of the second
pFET;

a driver having an output port connected to the first termi-
nals of the first and second passgate transistors; and
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aheader pFET having a gate connected to the output port of
the driver, and having a drain connected to the source of
the first pFET and to the source of the second pFET.

2. The apparatus of claim 1, wherein the header pFET is
configured to turn ON when the first and second passgate
transistors are OFF, and turn OFF when the passgate transis-
tors are ON.

3. The apparatus of claim 1, further comprising a first
common node and a second common node, wherein the first
common node comprises a true bitline and the second com-
mon node comprises a complementary bitline.

4. The apparatus of claim 3, wherein the first common node
is operatively configured to connect to the second terminal of
the first passgate transistor and the second common node is
configured to connect to the second terminal of the second
passgate transistor.

5. The apparatus of claim 4, wherein the first common node
and the second common node are driven to complementary
logic voltages when performing a write operation on the
bitcell.

6. The apparatus of claim 5, wherein when a driver output
is logic value HIGH, the header pFET turns OFF and causes
the first pFET and second pFET to turn OFF.

7. The apparatus of claim 1, further comprising a third
pFET comprising a gate, wherein the gate is held LOW, the
third pFET configured to be connected in parallel to the
header pFET.

8. The apparatus of claim 7, wherein the header pFET is
configured to turn ON when the first and second passgate
transistors are OFF, and turn OFF when the passgate transis-
tors are ON.

9. The apparatus of claim 8, further comprising a first
common node and a second common node, wherein the first
common node comprises a true bitline and the second com-
mon node comprises a complementary bitline.

10. The apparatus of claim 9, wherein the first common
node is operatively configured to connect to the second ter-
minal of the first passgate transistor and the second common
node is operatively configured to connect to the second ter-
minal of the second passgate transistor.

11. The apparatus of claim 10, wherein the first common
node and the second common node are driven to complemen-
tary logic voltages when performing a write operation on the
bitcell.

12. An apparatus comprising:

a bitcell comprising

a first pFET having a source and a drain;

a second pFET having a source and a drain;

a first passgate transistor having a first terminal and a
second terminal connected to the drain of the first
pFET;

a second passgate transistor having a first terminal and a
second terminal connected to the drain of the second
pFET;

a driver having an input port, and having an output port
connected to the first terminals of the first and second
passgate transistors;

aheader pFET having a gate connected to the input port of
the driver, and having a drain connected to the source of
the first pFET and to the source of the second pFET.

13. The apparatus of claim 12, wherein the header pFET is
configured to turn ON when the first and second passgate
transistors are OFF, and turn OFF when the passgate transis-
tors are ON.

14. The apparatus of claim 13, further comprising a first
common node and a second common node, wherein the first

20

25

35

40

45

50

55

60

65

16

common node comprises a true bitline and the second com-
mon node comprises a complementary bitline.

15. The apparatus of claim 14, wherein the first common
node is operatively configured to connect to the first terminal
of'the first passgate transistor and the second common node is
configured to connect to the first terminal of the second pass-
gate transistor.

16. The apparatus of claim 15, wherein the first common
node and second common node are driven to complementary
logic voltages when performing a write operation on the
bitcell.

17. An apparatus comprising:

a bitcell comprising

a first nFET having a source and a drain;

a second nFET having a source and a drain;

a first passgate transistor having a first terminal and a
second terminal connected to the drain of the first
nFET;

a second passgate transistor having a first terminal and a
second terminal connected to the drain of the second
nFET;

a driver having an output port connected to the first termi-
nals of the first and second passgate transistors; and

a footer nFET having a gate coupled to an input port of the
driver and configured to receive a voltage complemen-
tary to a voltage of the output port of the driver, and
having a drain connected to the source of the first nFET
and the source of the second nFET.

18. The apparatus of claim 17, further comprising:

a first pFET having a source and a drain, wherein the drain
of the first pFET is connected to the second terminal of
the first passgate transistor; and

a second pFET having a source and a drain, wherein the
drain of the second pFET is connected to the second
terminal of the second passgate transistor.

19. The apparatus of claim 18, further comprising a header
pFET having a gate connected to the output port of the driver
and further having a drain connected to the source of the first
pFET and to the source of the second pFET.

20. The apparatus of claim 19, wherein the header pFET is
configured to turn ON when the first and second passgate
transistors are turned OFF, and turn OFF when the passgate
transistors are turned ON.

21. The apparatus of claim 19, wherein the footer nFET is
configured to turn ON when the first and second passgate
transistors are turned OFF, and turn OFF when the passgate
transistors are turned ON.

22. The apparatus of claim 19, further comprising a third
pFET comprising a gate, wherein the gate of the third pFET is
held LOW, the third pFET configured to be connected in
parallel to the header pFET.

23. The apparatus of claim 22, further comprising a third
nFET comprising a gate, wherein the gate of the third nFET is
connected to a supply rail, the third nFET configured to be
connected in parallel to the footer nFET.

24. The apparatus of claim 23, further comprising a first
common node and a second common node, wherein the first
common node comprises a true bitline and the second com-
mon node comprises a complementary bitline.

25. The apparatus of claim 24, wherein the first common
node is operatively configured to connect to the second ter-
minal of the first passgate transistor and the second common
node is operatively configured to connect to the second ter-
minal of the second passgate transistor.
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26. The apparatus of claim 25, wherein the first common
node and the second common node are driven to complemen-
tary logic voltages when performing a store operation on the
bitcell.

27. The apparatus of claim 26, wherein when a driver
output is logic value HIGH, the header pFET turns OFF,
further causing the first pFET and second pFET to turn OFF.

28. A method comprising:

providing a first signal to a first and a second pass transis-

tors to write to a bitcell, the bitcell comprising a first
pFET having a source and a drain, and a second pFET
having a source and a drain; and

providing a second signal to a gate of a header pFET,

wherein the header pFET comprises a drain connected to
the sources of first and second pFETs, wherein the pro-
viding the second signal to the gate of the header pFET
further includes turning OFF the first and second pFETs
during a writing operation.

29. The method of claim 28, wherein the second signal lags
the first signal.

30. A method comprising:

providing a first signal to a first and a second pass transis-

tors to write to a bitcell, the bitcell comprising a first
nFET having a source and a drain, and a second nFET
having a source and a drain; and

providing a second signal to a gate of a footer nFET,

wherein the footer nFET comprises a drain connected to
the sources of first and second nFETs, wherein the pro-
viding the second signal to the gate of the footer nFET
further includes turning OFF the first and second nFETs
during a writing operation.

31. An apparatus comprising:

means for providing a first signal to a first and a second pass

transistors to write to a bitcell, the bitcell comprising a
first nFET having a source and a drain, and a second
nFET having a source and a drain; and

means for providing a second signal to a gate of a footer

nFET, wherein the footer nFET comprises a drain con-
nected to the sources of first and second nFETSs, wherein

the means for providing the second signal to the gate of

the footer nFET further comprises means for turning
OFF the first and second nFETs during a writing opera-
tion.

32. An apparatus comprising:

a bitcell comprising
a first FET having a source and a drain;
a second FET having a source and a drain;
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a first passgate transistor having a first terminal and a
second terminal connected to the drain of the first
FET,

a second passgate transistor having a first terminal and a
second terminal connected to the drain of the second
FET,

a driver having an output port connected to the first termi-
nals of the first and second passgate transistors; and

a third FET having a gate connected to a port of the driver,
and having a drain connected to the source of the first

FET and to the source of the second FET.

33. A method comprising:

providing a first signal to a first pass transistor and a second
pass transistor to write to a bitcell, the bitcell comprising
afirst FET having a source and a drain and a second FET
having a source and a drain; and

providing a second signal to a gate of a third FET to turn

OFF the first FET and the second FET during a writing

operation, wherein the third FET comprises a drain con-

nected to the source of first FET and the source of the
second FET.

34. An apparatus comprising:

means for providing a first signal to a first pass transistor
and a second pass transistor to write to a bitcell, the
bitcell comprising a first FET having a source and a drain
and a second FET having a source and a drain; and

means for providing a second signal to a gate of a third FET

to turn OFF the first FET and the second FET during a

writing operation, wherein the third FET comprises a

drain connected to the source of first FET and the source

of the second FET.

35. An apparatus comprising:

means for providing a first signal to a first pass transistor
and a second pass transistor to write to a bitcell, the

bitcell comprising a first pFET having a source and a

drain and a second pFET having a source and a drain;

and

means for providing a second signal to a gate of a header
pFET, wherein the header pFET comprises a drain con-
nected to the sources of first and second pFETs, wherein
the means for providing the second signal to the gate of
the header pFET further comprises means for turning

OFF the first and second pFETs during a writing opera-

tion.



